Immunohistochemical detection of hypoxia-inducible factor-1alpha in human renal allograft biopsies.
Although it generally is accepted that renal hypoxia may occur in various situations after renal transplantation, direct evidence for such hypoxia is lacking, and possible implications on graft pathophysiology remain obscure. Hypoxia-inducible factors (HIF) are regulated at the protein level by oxygen-dependent enzymes and, hence, allow for tissue hypoxia detection. With the use of high-amplification HIF-1alpha immunohistochemistry in renal biopsies, hypoxia is shown at specific time points after transplantation with clinicohistologic correlations. Immediately after engraftment, in primarily functioning grafts, abundant HIF-1alpha is present and correlates with cold ischemic time >15 h and/or graft age >50 yr (P < 0.04). In contrast, a low HIF-1alpha score correlates with primary nonfunction, likely reflecting loss of oxygen consumption for tubular transport. Protocol biopsies at 2 wk show widespread HIF-1alpha induction, irrespective of histology. Beyond 3 mo, both protocol biopsies and indicated biopsies are virtually void of HIF-1alpha, with the only exception being clinical/subclinical rejection. HIF-derived transcriptional adaptation to hypoxia may counterbalance, at least partly, the negative impact of cold preservation and warm reflow injury. Transient hypoxia at 2 wk may be induced by hyperfiltration, hypertrophy, calcineurin inhibitor-induced toxicity, or a combination of these. Lack of detectable HIF-1alpha at 3 mo and beyond suggests that at this time point, graft oxygen homeostasis occurs. The strong correlation between hypoxia and clinical/subclinical rejection in long-term grafts suggests that hypoxia is involved in such graft dysfunction, and HIF-1alpha immunohistochemistry could enhance the specific diagnosis of acute rejection.